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Patterns of MorPhological and Molecular evolution in the antillean 
tree Bat, Ardops nichollsi (chiroPtera: PhyllostoMidae)
Roxanne J. LaRsen, PeteR a. LaRsen, CaLeb D. PhiLLiPs, hugh h. genoways, gaRy g. KwieCinsKi, sCott C. 
PeDeRsen, CaRLeton J. PhiLLiPs, anD RobeRt J. baKeR
aBstract
Species endemic to oceanic islands offer unique insights into the mechanisms underlying 
evolution and have served as model systems for decades.  Often these species show phenotypic 
variation that is correlated with the ecosystems in which they occur and such correlations may 
be a product of genetic drift, natural selection, and/or environmental factors.  We explore the 
morphologic and genetic variation within Ardops nichollsi, a species of phyllostomid bat endemic 
to the Lesser Antillean islands.  Ardops nichollsi is an ideal taxon to investigate the tempo of 
evolution in Chiroptera, as it:  is a recently derived genus in the family Phyllostomidae; contains 
LQWUDVSHFL¿FPRUSKRORJLFDOYDULDWLRQDQGKDVDUHVWULFWHGLQVXODUGLVWULEXWLRQ7RHYDOXDWHSDW-
terns of evolution in A. nichollsi, we used standard morphological analyses, in addition to ana-
O\]LQJ$PSOL¿HG)UDJPHQW/HQJWK3RO\PRUSKLVPVPLWRFKRQGULDOF\WRFKURPHb, and paternal 
PDUNHU]LQF¿QJHU<FKURPRVRPDOLQWURQ'1$VHTXHQFHGDWD2XUUHVXOWVLGHQWL¿HGDSDWWHUQ
that consists of two distinct evolutionarily lineages, which correspond to northern and southern 
islands of the Lesser Antilles.  We also describe a new subspecies from the southern island of 
Saint Vincent7KHVHUHVXOWVLQGLFDWHJHQHÀRZDPRQJQRUWKHUQ/HVVHU$QWLOOHDQSRSXODWLRQV
during the Pleistocene, and local adaptation to individual islands in the southern Lesser Antilles. 
2XU¿QGLQJVFDQEHXVHGWRIXUWKHUH[SORUHVSHFLDWLRQSURFHVVHVZLWKLQ&DULEEHDQEDWVDQGPRUH
broadly, within species distributed across other insular systems. 
.H\ZRUGV$)/3Ardops, Ariteus, Caribbean, incipient species, island biogeography, 
Lesser Antilles, speciation, subspecies
introduction
Studies of species endemic to oceanic archipela-
gos have offered important insights into mechanisms of 
HYROXWLRQDQGKDYHDGYDQFHGHYROXWLRQDU\WKHRU\'DU-
lington 1957; MacArthur and Wilson 1967; Heaney 
2007; Losos and Ricklefs 2010).  Species complexes 
such as Caribbean Anolis DQG'DUZLQ¶V*DODSDJRV
¿QFKHVDUHFRQVLGHUHGWREHPRGHORUJDQLVPVDQGSUR-
vide a foundation for understanding natural selection, 
adaptation, colonization, and speciation of island fauna 
(Roughgarden and Roughgarden 1995; Hedges 1996; 
*UDQWDQG*UDQW3LQWRHWDO,WLVZLWKLQ
this framework that we approach Ardops nichollsi, 
Copyright 2017, Museum of Texas Tech University. Used by permission.
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D/HVVHU$QWLOOHDQ HQGHPLF 7KHPRQRW\SLF JHQXV
ArdopsLVRIUHODWLYHO\UHFHQWRULJLQEHWZHHQ±
million years ago (mya; Rojas et al. 2011; Baker et al. 
2012), making it one of the youngest lineages of the 




ing means that it successfully dispersed, established 
island populations, and then adapted to local environ-
PHQWV,QFOXGHGZLWKLQWKHA. nichollsiFRPSOH[DUH¿YH
PRUSKRORJLFDOO\GH¿QHGVXEVSHFLHVmontserratensis, 
annectens, nichollsi, koopmani, luciae)LJZKLFK
exhibit variation in body size across the 13 Lesser An-
tillean islands they inhabit (Jones and Schwartz 1967; 
Masson et al. 1990; McCarthy and Henderson 1992; 
)LJXUH0DSRIWKH/HVVHU$QWLOOHVVKRZLQJJHRJUDSKLFYDULDWLRQLQArdops nichollsi$'LVWULEXWLRQEDVHGRQ
SUHYLRXVPRUSKRORJLFDODQDO\VHVVHQVX-RQHVDQG6FKZDUW]-RQHVDQG*HQRZD\V*HQRZD\VHWDOD
Lindsay et al. 2010).  Color coding:  A. n. montserratensis±EURZQA. n. annectens±\HOORZA. n. nichollsi±JUHHQ
A. n. koopmani±SXUSOHDQGA. n. luciae±EOXH%&XUUHQWWD[RQRP\DQGGLVWULEXWLRQEDVHGRQWKLVVWXG\&RORU
coding:  A. n. montserratensis±EURZQA. n. nichollsi±JUHHQA. n. koopmani±SXUSOHA. n. luciae±EOXHDQGA. n. 
vincentensis±EODFN&3KRWRJUDSKRIArdops nichollsi from St. Vincent (by P. A. Larsen).
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3HGHUVHQ HW DO  *HQRZD\V HW DO 
2007a, 2007b; Lindsay et al. 2010).
*HRJUDSKLFDOO\GH¿QHGSKHQRW\SHVDUHW\SLFDOO\
FODVVL¿HG DV VXEVSHFLHV EXW HPSLULFDO VWXGLHV KDYH
questioned whether or not such geographically or 
HFRORJLFDOO\GH¿QHGXQLWVUHSUHVHQWWKHLQLWLDOVWDJHV
RI VSHFLDWLRQ 0D\U  3LPHQWHO /LGLFNHU
1962; Baker and Bradley 2006; Johnsen et al. 2006; 
Patten and Pruett 2009).  Here, we consider the varia-
tion within Ardops as an appropriate system to begin 
formulating hypotheses regarding incipient speciation 
given the hypothesized time of origin for Ardops is 
recent, and the potential for unique evolutionary pres-
sures associated with an archipelago (i.e., divergent 
selection, founder effects, and others).  
-RQHVDQG6FKZDUW]FRQGXFWHGWKH¿UVWGH-
tailed examination of the variation within A. nichollsi. 
Based on cranial and external measurements, these 
DXWKRUV LGHQWL¿HGDFRQWLQXXPLQVL]HDQGH[WHQVLYH
secondary sexual variation within the genus, hypoth-
esizing the populations adapted independently to envi-





studies lacking specimens from throughout the known 
distribution.  However, our expeditions to the Lesser 
Antilles have increased the number of available voucher 
specimens and tissues of A. nichollsi (Pedersen et al. 
*HQRZD\VHWDODE
/LQGVD\HWDO7REHWWHUXQGHUVWDQGWKHHYROX-
tionary history of A. nichollsi, we analyzed nuclear, 
PLWRFKRQGULDODQG<FKURPRVRPDOPDUNHUVLQDGGLWLRQ
to morphological characters from specimens collected 
WKURXJKRXWWKH/HVVHU$QWLOOHV7KHVHGDWDDOORZIRUDQ
analysis of genetic and phenotypic variation within the 
genus and for the formulation of hypotheses concerning 




from natural populations of Ardops nichollsi throughout 
the Lesser Antilles and $ULWHXVÀDYHVFHQV from Jamaica 
(outgroup and sister genus representative; Appendix). 
:KROHJHQRPLF'1$ZDVH[WUDFWHGIURPOLYHURUPXV-




DW WKH*HQHWLF5HVRXUFHV&ROOHFWLRQ RI WKH1DWXUDO
6FLHQFH5HVHDUFK/DERUDWRU\165/RI7H[DV7HFK
University.  All animals were handled following the 
guidelines for animal care and use established by the 
American Society of Mammalogists (Sikes et al. 2011; 
7H[DV7HFK8QLYHUVLW\,$&8&SHUPLWVDQG

External primers glo7L/glo6H (Hoffmann and 
Baker 2001) were used to amplify 1,140 base pairs (bp) 
of the cytochrome b (cyt-b) gene in three Ariteus and 
47 ArdopsVSHFLPHQV7KHWKHUPDOSUR¿OHFRQVLVWHGRI
94°C for 2 min, followed by 35 cycles of denaturation 
at 94°C for 45 s, annealing at 49°C for 1 min, extension 
at 72°C for 1 min 15 s, and ended with 72°C for 10 min. 
$OO3&5SURGXFWVZHUHSXUL¿HGXVLQJ4,$TXLFN3&5
3XUL¿FDWLRQ.LWV4LDJHQ,QF&KDWVZRUWK&DOLIRUQLD
,QWHUQDO SULPHUV IURP+RIIPDQQ DQG%DNHU 
glo1L, glo5L), Smith and Patton (1991; MVZ 04), 
DQG/DUVHQHWDOE$57ZHUHXVHGWRREWDLQ
¿QDOVHTXHQFHVRIWKHF\Wb gene.  While sequencing 
cyt-bZHGLVFRYHUHGWKHLQDGYHUWHQWDPSOL¿FDWLRQRI
a pseudogene (translocation of a mitochondrial gene 
LQWRWKHQXFOHDUJHQRPHIRUWZRVSHFLPHQV7.
7.7RREWDLQWKHIXOOF\Wb gene sequence 
from the mitochondrial genome for these samples, two 






through cyt-b7KHFRPSOHWHF\Wb gene subsequently 
was sequenced from these amplicons.
3ULPHUVIURP&DWKH\HWDO/*/)DQG
/*/5ZHUH XVHG WR DPSOLI\ DQG VHTXHQFH
ESRIDQLQWURQRIWKH]LQF¿QJHU<FKURPRVRPHJHQH
=)<IURPWZRPDOH$ULWHXVÀDYHVFHQV and 22 male 
4          occasional PaPers, MuseuM of texas tech university
Ardops nichollsi7KHWKHUPDOSUR¿OHFRQVLVWHGRIqC 
for 3 min, followed by 32 cycles of denaturation at 95qC 
for 45 s, annealing at 50qC for 30 s, extension at 70qC 













sequence alignments were performed manually and 
IXUWKHU FKHFNHG LQ0DF&ODGH Y 0DGGLVRQ DQG
Maddison 2005) and/or Clustal W (Larkin et al. 2007).
$)/3VZHUHJHQHUDWHG IURP WKUHHAriteus and 





$)/3VIURP$ULWHXVÀDYHVFHQV and Ardops nichollsi. 
7KH ODEHOHG IUDJPHQWVZHUH GHWHFWHG XVLQJ DQ$%,
3100-Avant genetic analyzer, scored for presence or 
DEVHQFHXVLQJ*HQH0DSSHUY$SSOLHG%LRV\VWHPV
DQGFRQYHUWHGLQWRDELQDU\GDWDPDWUL[XVLQJ*HQ$O([
v6.5 (Peakall and Smouse 2012).  Only fragments 
±ESLQOHQJWKZLWKLQWHQVLWLHVODUJHUWKDQ
UHODWLYHÀXRUHVFHQFHXQLWVZHUHVFRUHGDVSUHVHQW(U-
ror rates (technical error rate and observer error rate) 
were obtained following Bonin et al. (2004) using 26 
UHSOLFDWHGVDPSOHVDSSUR[LPDWHO\RIWKHRYHUDOO
sample size).
Molecular analyses.—Phylogenetic analyses 
of cyt-bVHTXHQFHGDWDZHUHSHUIRUPHGXVLQJ0(*$
Y 7DPXUD HW DO 0U%D\HV Y 5RQTXLVW
HWDODQG*DUOLY=ZLFNOVRIWZDUH
Maximum-parsimony, Bayesian, and maximum-like-
lihood analyses were used to infer cyt-b phylogenies. 
Maximum-parsimony analyses were performed using 
heuristic searches, 25 replicates of the random taxon 
addition option, each with random starting trees, and 
tree-bisection-reconnection branch swapping.  Sub-
VWLWXWLRQPRGHOVRI'1$HYROXWLRQZHUHDQDO\]HGLQ
0(*$ WR GHWHUPLQH WKH DSSURSULDWHPRGHO IRU WKH
cyt-bJHQHVHTXHQFHGDWDDQGWKH+.<*PRGHOZDV
chosen.  Maximum-likelihood analyses were performed 
LQ*DUOLXVLQJVHDUFKUHSOLFDWHVZLWKVHDUFKHVEHLQJ
terminated after the last topological improvement fol-
lowing 5 × 106 generations.  Bootstrap support values 
for maximum-parsimony and maximum-likelihood 
analyses were calculated based on 500 iterations and 
YDOXHVZHUHFRQVLGHUHGVWDWLVWLFDOO\VXSSRUWHG
Bayesian analyses were performed using 5 million 
generations (1 cold and 3 incrementally heated Markov 





*HQHWLF GLVWDQFH YDOXHV IRU F\Wb were calcu-
ODWHGLQ0(*$XVLQJWKH.LPXUDSDUDPHWHUPRGHO
.LPXUDZKLFKDOORZHGIRUFRPSDULVRQVZLWK
previous molecular studies of Ardops (Carstens et al. 
2004) and with other mammals (Bradley and Baker 
2001; Baker and Bradley 2006).  Based on previous 
molecular studies, $ÀDYHVFHQV is an appropriate out-
group for the phylogenetic analyses (Baker et al. 2000, 
'DYDORV$GGLWLRQDOF\Wb sequences 
of ArdopsZHUHREWDLQHGIURP*HQ%DQNDQGLQFOXGHG
in the analyses (Carstens et al. 2004; see Appendix: 
+DS$±,7KHSDWHUQDO=)<JHQHVHTXHQFHGDWDZDV
KLJKO\FRQVHUYHG VHH5HVXOWV7DEOHDQGDV VXFK




analyses were performed using ten iterations of 200,000 
replications with a burn-in of 50,000 for each iteration, 
allowing for admixture with correlated allele frequen-
cies.  Analyses were streamlined using the StrAuto 
v0.3 python utility by Chhatre (2012).  Our sample of 
Ardops consisted of individuals collected from eight 
LVODQGVWKXVRXU.FOXVWHUYDOXHVUDQJHGIURPWR
IRUHDFK6758&785(LWHUDWLRQ6WUXFWXUH+DUYHVWHU
v0.6 (Earl and vonHoldt 2011) was used to implement 
the delta K procedure of Evanno et al. (2005), where 
the estimated number of clusters was chosen based 
RQWKHJUHDWHVW3U;_.*(1(/$1'ZDVXVHGIRU
VSDWLDO DQDO\VHV RI$)/3GDWDZLWK  LWHUD-































































































































































































































































































































































































































































































































































































































































































































































































































































































6          occasional PaPers, MuseuM of texas tech university
WLRQV  WKLQQLQJ LQWHUYDOV DQGDEXUQLQRI
7KHFRUUHODWHGDOOHOHIUHTXHQFLHVPRGHOZDVXVHGDQG
the maximum population number was set to eight.  We 
performed three runs to test for consistency for the 
QXPEHURISRSXODWLRQVHVWLPDWHGE\*(1(/$1'DQG
we selected the run with the highest average posterior 
SUREDELOLW\$GGLWLRQDODQDO\VHVRI$)/3GDWDLQFOXGHG
a principal coordinates analysis (PCoA) and an analysis 
of molecular variance (AMOVA), both of which were 
FRQGXFWHGXVLQJ*HQ$O([Y3HDNDOODQG6PRXVH
 3KL37DQDO\VHVZHUHFRQGXFWHGLQ*HQ$O([
ZLWK  SHUPXWDWLRQVZLWK3KL37 DQDORJRXV WR
)67) representing the proportion of variance among 
populations relative to the total variance. 
Morphological methods.—Voucher specimens 





IHPDOHVDQGPDOHVRIArdops nichollsi (indicated 
E\ƂDQGƃV\PEROVLQ$SSHQGL[ZHUHXVHGLQPRU-
phological analyses.  )ROORZLQJ WKH GH¿QLWLRQV DQG
PHWKRGVRI+DOODQG*HQRZD\VHWDOE 
seven cranial measurements were recorded from adult 
specimens of Ardops nichollsi from throughout their 
geographic distribution (based on criteria from Kunz 
DQG$QWKRQ\0HDVXUHPHQWVZHUHWDNHQIURP
museum specimens using digital calipers and are given 
in millimeters to the nearest 0.01 mm.  Measurements 
LQFOXGH*/6 JUHDWHVWOHQJWKRIVNXOO&%/ FRQ-
G\OREDVDO OHQJWK=%  ]\JRPDWLF EUHDGWK 32& 
SRVWRUELWDOFRQVWULFWLRQ0% PDVWRLGEUHDGWK075
 PD[LOODU\WRRWKURZOHQJWKDQG00 EUHDGWKDFURVV
upper molars.  
Statistical analyses tested for secondary sexual 
dimorphism (one-way multivariate analysis of variance, 
0$129$DQGHYDOXDWHGWKHH[WHQWRIPRUSKRORJL-
cal variability in our sample of the Ardops nichollsi 
complex (principal component analysis).  Since the 
number of subspecies in A. nichollsi has been debated 
-RQHVDQG*HQRZD\VDFRQVHUYDWLYHDSSURDFK
of analyzing the data as one unit was utilized.  Prin-
cipal component analysis (PCA) does not take into 
account any difference between groups based on 
DSULRULFODVVL¿FDWLRQRIWKHVDPSOH2YHUDOOYDULDWLRQ
LQFUDQLDOVL]HZDVVXPPDUL]HGE\WKH¿UVWD[LVRIWKH
PCA (PC1).  Loadings are reported to describe the 
direction and magnitude of measurements with their 
UHVSHFWLYHD[LV'HVFULSWLYHVWDWLVWLFVPHDQVWDQGDUG
deviation, and range) were obtained for all individuals 
from each island.  Statistical analyses were performed 
in R statistical software (2014).
results
)LIW\VHTXHQFHVRIWKHPLWRFKRQGULDOF\Wb gene 
DQG $)/3 EDQGVZHUH JHQHUDWHG IURPArdops 




RULJLQDWLQJ IURP SRRU DPSOL¿FDWLRQ $GGLWLRQDOO\
=)<VHTXHQFHGDWDZHUHJHQHUDWHGIURPPDOHV
Ariteus and 22 Ardops).  Cyt-b DQG=)< VHTXHQFHV
ZHUH GHSRVLWHG LQ*HQ%DQN DQG DFFHVVLRQQXPEHUV
IRUDOO'1$VHTXHQFHGDWDKHUHLQDUHSUHVHQWHGLQWKH
specimens examined (Appendix).
Phylogenetic analyses.—Sequence alignment of 
the complete cyt-b gene from 47 Ardops (in addition 
to the nine individuals of Ardops from Carstens et al. 
2003) and three Ariteus was unequivocal and without 
VWRSFRGRQV,QFOXGLQJWKHRXWJURXSVLWHVZHUH
variable with 79 being parsimony-informative with 
seven at codon position 1, three at position 2, and 69 
at position 3.  Maximum-likelihood analyses resulted 
LQDVLQJOHRSWLPDOWUHHOQ/ QXFOHRWLGH
IUHTXHQFLHVRI$ & * DQG7
 DWUDQVLWLRQWUDQVYHUVLRQUDWLRRIDQG
an alpha shape parameter of the gamma distribution 
RI7UHHWRSRORJLHVUHVXOWLQJIURPPD[LPXP
parsimony, Bayesian, and maximum-likelihood analy-
ses were largely congruent with differences arising at 
XQVXSSRUWHGQRGHV7KHPRQRSK\O\RIA. nichollsi was 
statistically supported; however only four clades within 
the species had statistical support and these did not 
VWULFWO\FRUUHVSRQGWRLVODQGRFFXUUHQFH)LJ7KH
OHYHORILQWUDVSHFL¿FYDULDWLRQDPRQJF\Wb sequences 
was found to be LQA. nichollsi, whereas the 
larsen et al.—evolutionary Patterns of Ardops nichollsi 7
)LJXUH%D\HVLDQSK\ORJUDPRIEDVHSDLUVRIWKHF\Wb gene from 
59 individuals.  ($ULWHXVÀDYHVFHQV was used as an outgroup but is not 
VKRZQ7RSVFRUH %D\HVLDQSRVWHULRUSUREDELOLW\PLGGOHVFRUH 
PD[LPXPOLNHOLKRRGERRWVWUDSERWWRPVFRUH PD[LPXPSDUVLPRQ\
bootstrap.  Bootstrap support values are percentages of 500 iterations. 
Values for unsupported nodes are not shown.
8          occasional PaPers, MuseuM of texas tech university
sequences of AriteusDYHUDJHGaGLYHUJHQWIURP
Ardops. 
7KH=)< LQWURQ VHTXHQFHG IURPPDOHArdops 
nichollsi was highly conserved across all individuals 
7DEOH+RZHYHUVSHFLPHQVFROOHFWHGIURP6W/X-
FLDDQG6W9LQFHQWZHUHIRXQGWRKDYHWKHVDPH=)<
intronic sequence as the outgroup $ULWHXVÀDYHVFHQV 
(currently distributed only on Jamaica).  Males of A. 
nichollsi from northern Lesser Antillean islands (St. 
(XVWDWLXV 6W.LWWV0RQWVHUUDW DQG'RPLQLFD GLI-






collected from throughout the northern Lesser Antilles 
(Montserrat, Saba, St. Eustatius, St. Kitts, St. Martin, 
DQG'RPLQLFDZKHUHDVWKHUHGJURXS)LJ%ZDV
comprised of individuals collected from St. Lucia and 
6W9LQFHQW $OWHUQDWLYHO\*(1(/$1' LGHQWL¿HG
WKUHH JURXSVZLWKLQ WKH$)/3GDWD )LJ & FRUUH-
sponding to northern Lesser Antilles, St. Lucia, and 
6W9LQFHQWUHVSHFWLYHO\7KHSULQFLSDOFRRUGLQDWHV
DQDO\VLV 3&R$ RI$)/3JHQHWLF GLVWDQFH )LJ 
UHLQIRUFHGWKH*(1(/$1'UHVXOWVZLWKWKUHHJURXSV




of molecular variance (AMOVA) of the three groups 
LGHQWL¿HGZLWK*(1(/$1'DQG3&R$UHVXOWHGLQ
of the total variance being observed among populations 
DQGZLWKLQ7DEOH3DLUZLVH3KL37YDOXHVZHUH
0.53 (northern Lesser Antilles versus St. Lucia), 0.55 
(northern Lesser Antilles versus St. Vincent), and 0.35 
(St. Lucia versus St. Vincent).
Morphological analyses.—Secondary sexual 
YDULDWLRQZDV VLJQL¿FDQW P < 0.001) for each vari-
able among the sampled Ardops; therefore the sexes 
ZHUH VHSDUDWHG LQ IXUWKHU VWDWLVWLFDO DQDO\VHV 7KH
PCA of females revealed overlap among individuals 
IURP0RQWVHUUDW6W.LWWV6W(XVWDWLXV*XDGHORXSH
0DUWLQLTXH$QWLJXDDQG6W/XFLDZKHUHDV'RPLQLFD




component loading on PC1 for females were ZB, MB, 
075DQG007DEOHKRZHYHUDOOVHYHQYDULDEOHV
were correlated with PC1 to a similar extent and in the 
VDPHGLUHFWLRQ)LJ$ 32&VKRZHGDYHU\KLJK
FRPSRQHQW ORDGLQJZLWK 3& 7KH 3&$RIPDOHV







on PC1 for males were =%075DQG007DEOH
however, all seven variables were correlated with PC1 
to a similar extent and in the same direction just as was 
VHHQLQIHPDOHV)LJ%3&KDGKLJKFRPSRQHQW
loadings, but they were mixed (in opposite directions) 
IRU32&DQG0%7DEOH2YHUDOOWKHYDULDQFHDORQJ
PC1 in males and females was primarily due to cranial 
size, and all measurements from individuals from the 
northern end of the range and from St. Lucia were 
ODUJHUZKHUHDVWKRVHIURP'RPLQLFDDQG6W9LQFHQW
were generally smaller.  On PC2, POC appeared to 
explain most of the variation within males and within 
females; however MB is also important in the variation 
seen in males on PC2.  Mean, standard deviation, and 
range are reported for individuals by island for each 
VH[7DEOHV
larsen et al.—evolutionary Patterns of Ardops nichollsi 9
)LJXUH$%DWK\PHWULFPDSRIWKH/HVVHU$QWLOOHV'DUNJUH\VKDGLQJUHSUHVHQWVSRWHQWLDOH[WHQWRIH[SRVHGODQG
DWODVWJODFLDOPD[LPXPVHDOHYHOVaPEHORZFXUUHQW%5HVXOWVRI6758&785(DQDO\VHVRI$)/3GDWD
Statistical support was recovered for two groups corresponding to the northern (blue) and southern (red) Lesser Antilles. 
&5HVXOWVRI*(1(/$1'DQDO\VHVRI$)/3GDWDRYHUODLGRQLQVHWIURP$ZLWKEODFNGRWVLGHQWLI\LQJPDLQFROOHFWLQJ
ORFDOLWLHV7KUHHJURXSVZHUHUHFRYHUHGFRUUHVSRQGLQJWRWKHQRUWKHUQ/HVVHU$QWLOOHV6W/XFLDDQG6W9LQFHQW
Light colors indicate high posterior probability of group membership and dark colors indicate low posterior probability. 
10          occasional PaPers, MuseuM of texas tech university




VTXDUHV066LJQL¿FDQFHOHYHOP < 0.001) is based on 9,999 permutations. 
Source of Variation df SS MS Variation 7RWDOYDULDWLRQ 3KL37
Among populations 2   5.293  0.512
Within populations 44 221.729 5.039 5.039   
larsen et al.—evolutionary Patterns of Ardops nichollsi 11
7DEOH3&$ORDGLQJVDORQJWKH¿UVWWZRSULQFLSDOFRPSR-
nents for Ardops nichollsi,IDOOORDGLQJVZHUHHTXDOHDFK
ZRXOGEH2QO\ORDGLQJVKLJKHUWKDQWKLVYDOXHDUH
EROGHG=%0%075DQG00KDGWKHKLJKHVWFRPSRQHQW
loadings on PC1, and POC was the highest on PC2 for female 
Ardops nichollsi=%075DQG00KDGWKHKLJKHVWORDG-
ings on PC1, and POC and MB were highest on PC2 for male 
Ardops nichollsi.
)HPDOHV Males
Character PC 1 PC 2 PC 1 PC 2 
*/6 -0.329 0.152 -0.343 0.000
CBL -0.352 0.000 -0.345 0.170
ZB -0.398 0.152 -0.391 0.000
POC -0.304 -0.932 -0.262 0.379
MB -0.409 0.231 -0.327 -0.891
075 -0.434 0.163 -0.469 0.151




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































14          occasional PaPers, MuseuM of texas tech university
taxonoMic review
Our evaluation of the morphologic and molecular 
variation in Ardops nichollsi leads to the recognition 
of an undescribed subspecies.  However, we do not 
have complete datasets for all known populations of 
Ardops nichollsi; therefore this is not a comprehensive 
WD[RQRPLFUHYLHZ7KLVUHYLHZZLOOVKRZZKHUHIXWXUH
GDWD FDQEHSODFHG WR FRPSOHWH WKLVZRUN 7KH ODVW
revision of bats of the genus Ardops was by Jones and 
Schwartz (1967) based on 37 specimens from seven 
of the Lesser Antillean islands, whereas we had 100 
specimens from 12 islands available for study.  Jones 




Ardops nichollsi vincentensis R. J. Larsen, 
Genoways, and Baker, new subspecies
Ardops nichollsi luciae Jones and Schwartz, 
3URFHHGLQJVRIWKH8QLWHG6WDWH1DWLRQDO0X-
VHXP ± UHSRUW RI D VLQJOH VSHFLPHQ
IURP³6W9LQFHQWQRVSHFL¿FORFDOLW\´
Holotype.—Adult male, with skin, skull, and 
WLVVXH VDPSOHV 7.  778  IURP
&RORQDULH5LYHUNP6NP:6RXWK5LYHUV





Measurements of holotype²7RWDO OHQJWK 
length of hind foot, 13; length of ear, 13; weight, 13.6; 
length of forearm, 40.7; greatest length of skull, 20.4; 
FRQG\OREDVDO OHQJWK  ]\JRPDWLF EUHDGWK 
interorbital constriction, 5.5; postorbital constriction, 
PDVWRLGEUHDGWKSDODWDOOHQJWKOHQJWK
of maxillary toothrow, 6.3; and breadth across upper 
PRODUV
Distribution.—Known only from the island of 
St. Vincent.
Diagnosis.— Specimens from St. Vincent form 
D VWDWLVWLFDOO\ VXSSRUWHG FODGH EDVHG RQ$)/3GDWD
)LJVPDOHDQGIHPDOHArdops nichollsi from St. 
Vincent are the smallest-sized members of the genus 
in cranial measurements, approached in size only by 
individuals of A. n. nichollsiIURP'RPLQLFD)LJ
7DEOHV0DOHVSRVVHVVWKHVRXWKHUQKDSORW\SHIRU
WKHYHU\FRQVHUYDWLYH=)<LQWURQLFVHTXHQFHZKLFKLV
shared with A. n. luciae (St. Lucia) and $ULWHXVÀDYH-
scens (Jamaica).
Remarks²7KHQHZO\GHOLQHDWHGVXEVSHFLHVLV
distinguished from other populations by both molecular 




lecular level from other subspecies of Ardops nichollsi 
)LJV7DEOH0RUSKRORJLFDOO\WKLVQHZVXEVSH-
cies needs only comparison with the geographically 
adjacent population of A. n. luciaeIURP6W/XFLD,Q
six of the seven cranial measurements for males (except 
32&DQG¿YHRIVHYHQIRUIHPDOHVH[FHSW32&DQG
MB) there is no overlap in the range of variation of 
WKHVHWZRWD[D7DEOHV7KHSULQFLSDOFRPSRQHQW
DQDO\VHV)LJ7DEOHFRQ¿UPWKLVUHODWLRQVKLSZLWK
A. n. vincentensis at the furthest right position along PC 
1 indicating these bats had the smallest skulls in our 
VWXG\7KHRQHWD[RQWKDWDSSURDFKHVWKHSRVLWLRQRI
the sample of A. n. vincentensis is A. n. nichollsi from 
'RPLQLFDEXWWKHLUSURMHFWLRQVGRQRWRYHUODSDQGWKH
FUDQLDOPHDVXUHPHQWVFRQ¿UPWKLVUHODWLRQVKLS7DEOHV
4, 5).  Although our study only included a single female 
IURP'RPLQLFDWKHPHDVXUHPHQWVIRUWKLVLQGLYLGXDO
are larger and outside the range of variation for three 
cranial measurements of females from St. Vincent (ZB, 
075DQG007DEOH7KHUDQJHVRIPHDVXUHPHQWV
for samples of males from the two islands do not 
overlap for two cranial measurements (MB and MM; 
7DEOHZLWKWKRVHIURP'RPLQLFDEHLQJWKHODUJHU
Although these two taxa are close morphologically, 
they differ at the molecular level and are separated 
geographically by two intervening islands (St. Lucia 
DQG0DUWLQLTXH)LJ
Jones and Schwartz (1967) had only a single 
male from St. Vincent available for study and it had a 
fragmentary skull and both forearms broken.  Based 
RQ WKLV OLPLWHGPDWHULDO WKH\ VXUPLVHG ³EDWVRQ6W
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Vincent may be smaller than those of any described 
race of A. nichollsi´%HFDXVHRIWKLVOLPLWHGLQIRUPD-
tion, however, they assigned the specimen tentatively 
to A. n. luciae.  We have surveyed other Lesser Antil-
lean islands to the east and south of St. Vincent for 









geological age of Barbados and the distance separating 
Barbados from neighboring islands have dually con-
WULEXWHGWRWKHVPDOOFKLURSWHUDQIDXQDRI%DUEDGRV´
$PRQJWKHVSHFLHVRIEDWV³PLVVLQJ´IURP%DUEDGRV
was Ardops nichollsi, which we do not expect will be 
documented from there.
Etymology²,W LV RXU SOHDVXUH WR QDPH WKLV
unique new subspecies, vincentensis, in recognition of 
its home on the beautiful island of St. Vincent.
Specimens examined [Type Series](10)²67
9,1&(17&KDUORWWH3DULVK&RORQDULH5LYHUNP6
NP:6RXWK5LYHUVƍƎ1ƍƎ
: P  -XO\ PDOH7. 778
PDOH7.778>KRORW\SH@
























Measurements of holotype²7RWDO OHQJWK 
length of ear, 12; length of forearm, 45.7; greatest 
OHQJWKRIVNXOOFRQG\OREDVDOOHQJWKLQWHU-
orbital constriction, 6.7; postorbital constriction, 5.7; 
SDODWDOOHQJWKDQGOHQJWKRIPD[LOODU\WRRWKURZ
7.0.
Distribution.—Known only from the island of 
'RPLQLFD
Remarks²7KRPDV  GHVFULEHG WKLV QHZ
species based on a single female with a slightly dam-
DJHGVNXOOIURPWKHLVODQGRI'RPLQLFDDVDQHZVSHFLHV
of genus Stenoderma, but Miller (1906) later created 
the new genus Ardops to include the Lesser Antillean 
taxa of this group.  
7KH QRPLQDWH VXEVSHFLHV LV FKDUDFWHUL]HG E\






can be distinguished from the other northern taxon, 
montserratensisE\LWVRYHUDOOVPDOOFUDQLDOVL]H,Q
individual cranial measurements, the values for the two 
WD[DGRQRW RYHUODS LQ¿YHPHDVXUHPHQWV IRUPDOHV
DQGDOOVHYHQPHDVXUHPHQWVIRUIHPDOHV7DEOHV
PC1 reveals this relationship with A. n. nichollsi to the 
right of the projection, and all other populations except 
A. n. vincentensisWRWKHOHIWRIWKHSURMHFWLRQ)LJ
,WLVQRWSRVVLEOHWRIXOO\DVVHVVWKHUHODWLRQVKLS
of A. n. nichollsi with A. n. koopmani from Martinique 
because of the lack of data for the latter, but comparing 
cranial measurements, the range of variation in males 
IURP'RPLQLFDIDOOVEHORZWKHVL]HRIWKHPDOHIURP
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0DUWLQLTXH IRU¿YHPHDVXUHPHQWV H[FHSW32&DQG
0%ZKHUHDV WKH IHPDOH IURP'RPLQLFD LV VPDOOHU
in all measurements than the female from Martinique 
7DEOHV%DVHGRQWKLVLQIRUPDWLRQA. n. koopmani 
LVOLNHO\GLVWLQFWDWOHDVWDWWKHVXEVSHFL¿FOHYHOIURP
A. n. nichollsi7KHUHODWLRQVKLSRIA. n. nichollsi to 
the newly described A. n. vincentensis is discussed in 
the account for the latter subspecies.
Ardops nichollsi koopmani Jones and Schwartz, 
1967
Ardops nichollsi koopmani Jones and Schwartz, 
3URFHHGLQJVRIWKH8QLWHG6WDWHV1DWLRQDO0X-
seum, 124(3634):11. 





Measurements of holotype²7RWDO OHQJWK 
length of hind foot, 14; length of ear, 16; length of 
forearm, 50.1; greatest length of skull, 23.5; condylo-
basal length, 20.7; zygomatic breadth, 15.9; interorbital 
constriction, 7.0; postorbital constriction, 6.0; mastoid 
breadth, 12.6; palatal length, 5.2; length of maxillary 
toothrow, 7.7; and breadth across upper molars, 10.5.
Distribution.—Known only from the island of 
Martinique.
Remarks.—Because we lacked tissues from 
members of this subspecies, we were unable to per-
IRUPDQDO\VHV RI=)< LQWURQLF VHTXHQFH RU$)/3V
leaving us only limited morphologic data to assess the 
relationships of A. n. koopmani.  Jones and Schwartz 
(1967) in their original description of A. n. koopmani 
examined four individuals and presented the cranial 
measurements of the same two individuals presented in 
RXU7DEOHVDQG-RQHVDQG6FKZDUW]VWDWHG
³Ardops nichollsi koopmani differs from populations 
of the species on adjacent islands (A. n. nichollsi to the 
QRUWKRQ'RPLQLFDDQGA. n. luciae to the south on St. 
/XFLDLQEHLQJFRQVLGHUDEO\ODUJHU´2WKHUFKDUDFWHU-
istics that they cited include well-developed sagittal 
crest, relatively narrow skull, and narrow molariform 
WHHWK([DPLQDWLRQRIWKH3&$)LJUHYHDOVWKDWWKH
specimens from Martinique fall with a group of bats 
with large-sized skulls from St. Lucia and islands from 
*XDGHORXSHQRUWKZDUG&RPSDUHGWR'RPLQLFDWKH
male from Martinique falls above the range of varia-
WLRQ IRU¿YHPHDVXUHPHQWV DQGZLWKLQ IRU32&DQG
0% 7DEOH ZKHUHDV WKH IHPDOH IURP0DUWLQLTXH
LVODUJHULQDOOPHDVXUHPHQWV7DEOHFRPSDUHGWR
St. Lucia, the Martinique male falls within the range 
for four measurements and below the range for CBL, 
32&DQG0%7DEOHZKHUHDVWKH0DUWLQLTXHIHPDOH
falls within the range for only three measurements and 
DERYHWKHUDQJHIRU&%/=%0%DQG007DEOH
7KHVH UHVXOWV LQGLFDWH WKDW VSHFLPHQV RIA. n. 
koopmani are larger than the individuals of A. n. nich-
ollsiIURP'RPLQLFDZKLFKLVLQDJUHHPHQWZLWKWKH
3&$)LJDQGWKHGHVFULSWLRQE\-RQHVDQG6FKZDUW]
7KHPRUSKRORJLFUHVXOWVIRUA. n. luciae are 
not so clear, however, because our male specimen from 
Martinique falls within or below the range of values 
of males from St. Lucia, whereas the female from 
Martinique falls within or above the range of values of 
IHPDOHVIURP6W/XFLD7KHVHGLVFRUGDQWUHVXOWVDUH
undoubtedly, at least in part, because of having only two 
LQGLYLGXDOVIURP0DUWLQLTXHWRDQDO\]H7DEOHV
'XHWRWKHODFNRIPROHFXODUGDWDDQGWKHDPELJXRXV
morphologic results, we tentatively continue to recog-
nize this subspecies.  As future data become available, 
the relationship between A. n. koopmani and other taxa 
will need to be further evaluated.
Ardops nichollsi luciae (Miller, 1902)
Stenoderma luciae Miller, 1902, Proceedings 
RIWKH$FDGHP\RI1DWXUDO6FLHQFHVRI3KLODGHOSKLD
54:407.
Holotype.—Adult female in fluid with skull 
UHPRYHG101+IURPDQXQNQRZQORFDOLW\
on the island of St. Lucia, Lesser Antilles; obtained by 
+6%UDQFKRQ)HEUXDU\




constriction, 6.6; postorbital constriction, 5.7; mastoid 
breadth, 12.0; palatal length, 5.5; length of maxillary 
toothrow, 7.5; and breadth across upper molars, 10.4.
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Distribution.—Known only from the island of 
St. Lucia.
Remarks²7KLVVXEVSHFLHVHDVLO\LVGLDJQRVHG
based on males possessing the southern haplotype of 
WKH=)<LQWURQLFVHTXHQFHZKLFKLWVKDUHVZLWKA. n. 
vincentensis and $ULWHXV ÀDYHVFHQV -DPDLFD7DEOH
LQDGGLWLRQWRWKH$)/3DQDO\VHVZKHUH6W/XFLD
specimens are isolated or grouped with St. Vincent 
VSHFLPHQV)LJV7KHODUJHVNXOOVL]HRILQGLYLGX-
als from St. Lucia, easily distinguishes them from A. n. 
vincentensis on the island of St. Vincent to the south. 
,QVL[PHDVXUHPHQWVIRUPDOHVH[FHSW32&DQG¿YH
for females (except POC and MB), there is no overlap 
in the range of measurements of these two subspecies 
7DEOHV$VGLVFXVVHGDERYHWKHUHODWLRQVKLSVRI
A. n. koopmani on Martinique to A. n. luciae are not 
clear at present because of the limited data available 
IURP0DUWLQLTXH,IWKHVHWZRVXEVSHFLHVXOWLPDWHO\
prove to be indistinguishable, A. n. luciae would be 
the senior synonym.  
Ardops nichollsi montserratensis (Thomas, 1894)
Stenoderma montserratense>VLF@7KRPDV
Proceedings of the Zoological Society of London, 
±
Ardops annectens Miller, 1913, Proceedings of 
the Biological Society of Washington, 26:33.
Holotype²$GXOWPDOH LQ ÀXLGZLWK VNXOO UH-
PRYHG %01+IURPDQXQNQRZQORFDOLW\
on the island of Montserrat, Lesser Antilles; obtained 
by Joseph Sturge.
Measurements of holotype²7RWDO OHQJWK 
length of ear, 16.5; length of forearm, 51.5; greatest 
OHQJWKRI VNXOO FRQG\OREDVDO OHQJWK ]\-
JRPDWLF EUHDGWK  LQWHURUELWDO FRQVWULFWLRQ 
postorbital constriction, 6.0; mastoid breadth, 10.7; 
palatal length, 5.1; length of maxillary toothrow, 7.5; 
and breadth across upper molars, 10.2.
Distribution.—Known from the islands of Anti-
JXD*XDGHORXSH0DULH*DODQWH0RQWVHUUDW1HYLV
Saba, St. Eustatius, St. Kitts, and St. Martin/St. Maarten 
in the Lesser Antilles.
Remarks²7KLVVXEVSHFLHVPD\EHGLVWLQJXLVKHG
from others in the species complex based on males 
SRVVHVVLQJWKHQRUWKHUQKDSORW\SHRIWKH=)<LQWURQLF
sequence (shared by ArdopsSRSXODWLRQVIURP'RPL-
QLFDQRUWKZDUG7DEOHDQG$)/3DQDO\VHVLQGLFDWLQJ
WKHQRUWKHUQSRSXODWLRQVZHUHVWDWLVWLFDOO\VLJQL¿FDQW
ZKHQ FRPSDUHG WR6W/XFLD DQG6W9LQFHQW )LJV
 7KHUHIRUHEDVHGRQPROHFXODUGDWD IURPRXU
study, A. n. montserratensis and A. n. nichollsi cannot 
be distinguished; however, based on the morphologic 
data the two can be easily separated as shown in the 
3&$)LJ,QLQGLYLGXDOFUDQLDOPHDVXUHPHQWVWKH
YDOXHV IRU WKH WZR WD[DGRQRW RYHUODS LQ¿YHPHD-
surements for males and all seven measurements for 
females as follows (smallest montserratensis vs. largest 
nichollsi, males followed by females): greatest length 
RI VNXOO  YV   YV  FRQG\OREDVDO
OHQJWKYVYV]\JRPDWLFEUHDGWK
14.2 vs. 14.1, 14.9 vs. 14.3; postorbital breadth, only 
female comparisons 5.6 vs. 5.5; mastoid breadth, only 
female comparisons 11.9 vs. 11.4; length of maxillary 
toothrow, 6.7 vs. 6.5; and breadth across upper molars, 
YVYV
Although we do not have molecular data for 
Ardops IURP*XDGHORXSH WKH SRVLWLRQRI WKH LVODQG
EHWZHHQ'RPLQLFD DQG WKH QRUWKHUQ/HVVHU$QWLOOHV
OHDGVXVWREHOLHYHWKHPDOHEDWVIURP*XDGHORXSHZLOO
SRVVHVV WKHQRUWKHUQKDSORW\SH IRU WKH=)< LQWURQLF
sequence and males and females will have the northern 
/HVVHU$QWLOOHDQ$)/3SDWWHUQ7KH3&$UHVXOWVIRUA. 
n. annectens reveals that both males and females clus-
tered to the left side of PC1 overlapping broadly with 
VDPSOHVIURPLVODQGVWRWKHQRUWKRI*XDGHORXSHDQG
IURP6W/XFLD)LJ7KHVHVDPSOHVKDYHLQGLYLGXDOV
with an overall larger skull size, whereas those samples 
WRWKHULJKWVLGHRIWKHSURMHFWLRQIURP'RPLQLFDDQG
St. Vincent contain the individuals with an overall 
VPDOOHUVNXOOVL]H7KHVDPSOHVIURP*XDGHORXSHH[-
tended further to the right of the projection than other 
QRUWKHUQVDPSOHVEXW WKH*XDGHORXSHVDPSOHVZHUH





islands in the northern Lesser Antilles, but as the PCs 
showed the major morphological break was between 
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*XDGHORXSHDQG'RPLQLFD7KHVHLQVLJKWVOHDGXVWR
place A. n. annectens, originally described by Miller 
IURP*XDGHORXSHDVDMXQLRUV\QRQ\PRIA. n. 
montserratensis, which was described 19 years earlier 
E\7KRPDVEDVHGRQDVSHFLPHQIURPWKHLVODQG
of Montserrat.  
7KHUHLVDSRSXODWLRQRIA. nichollsi on the small 
LVODQGRI0DULH*DODQWHVLWXDWHGNPVRXWKVRXWKHDVW
RI*XDGHORXSH DQG  NP QRUWKHDVW RI'RPLQLFD
which places the population geographical between 
A. n. montserratensis and A. n. nichollsi.  We did not 
KDYHVSHFLPHQVIURP0DULH*DODQWHDYDLODEOHIRURXU
study, but six cranial measurements (four males and two 
females) were recorded by McCarthy and Henderson 
(1992) in their initial report of Ardops from the island. 
7KHUDQJHRIPHDVXUHPHQWVIRUWKHIRXUPDOHVDQGWKH
measurements of the two females are as follows: g reat-
HVWOHQJWKRIVNXOO±]\JRPDWLF
EUHDGWK±SRVWRUELWDOFRQVWULF-
WLRQ ±  PDVWRLG EUHDGWK ±
OHQJWKRIPD[LOODU\WRRWKURZ±
DQGEUHDGWKDFURVVXSSHUPRODUV±
9.95, 10.1.  All of these values, except for POC, exceed 
WKHYDOXHVRIRXUVDPSOHIURP'RPLQLFD7DEOHV
and fall within or near the range of our sample from 
*XDGHORXSH :HDVVLJQ WKHVSHFLPHQV IURP0DULH
*DODQWH WRA. n. montserratensis, which makes the 
population the southern-most for this subspecies.
discussion
Genetic variation in Ardops nichollsi.—We 
compared our cyt-b results with a previous molecu-
lar analysis of northern Lesser Antillean A. nichollsi 
(Carstens et al. 2004) who found support for genetically 
distinct lineages from northern Lesser Antillean islands; 
however, their sample consisted of only the widespread 
subspecies A. n. montserratensis from three of these 
LVODQGV6W(XVWDWLXV6W.LWWVDQG1HYLV:LWKWKHLU
¿QGLQJV&DUVWHQVHWDOVXJJHVWHGWKLVQRUWKHUQ
population of Ardops was the result of a single founding 
event and the individual island populations had com-
pleted lineage sorting.  With a much broader molecular 
VDPSOHRILVODQGVDQGIRXURI¿YHVXEVSHFLHV
we found that the islands in the north shared mitochon-
drial haplotypes (suggesting incomplete lineage sorting 
DQGRUPDWHUQDOJHQHÀRZ)LJZKHUHDVSRSXODWLRQV
IURP'RPLQLFD 6W /XFLD DQG6W9LQFHQW GLG QRW
share mitochondrial haplotypes (suggesting complete 
OLQHDJHVRUWLQJ2XU=)<LQWURQVHTXHQFHGDWDIURP
male A. nichollsiLQGLFDWHGDQRUWKHUQ±VRXWKHUQLVODQG
split, where Ardops specimens from St. Lucia and St. 
9LQFHQW VKDUH=)< LQWURQLF VHTXHQFHZLWKAriteus 
ÀDYHVFHQV and those from the northern islands have 
WKHLURZQGLVWLQFWVHTXHQFH7DEOH7KHVHGDWDFRXOG
be interpreted as either the ancestral sequence for the 
=)<LQWURQKDVEHHQFRQVHUYHGZLWKLQVRXWKHUQ/HVVHU
Antillean Ardops, or alternatively, it diverged but then 
UHWXUQHGWRWKHDQFHVWUDOQXFOHRWLGHVHTXHQFH)LQDOO\
RXUQXFOHDU$)/3GDWDDOVRVXSSRUWWKHREVHUYDWLRQWKDW
there is a distinct cluster in the northern Lesser Antilles 
as well as two separate clusters in the south, one from 
6W/XFLDDQGRQHIURP6W9LQFHQW)LJV:HKDYH
LGHQWL¿HGDFRQVLVWHQWGLYLVLRQEHWZHHQQRUWKHUQDQG
southern lineages with our multiple molecular marker 
approach (paternal, maternal, and nuclear markers), 
thus evidence for current and potentially distinct evo-
lutionary trajectories within A. nichollsi is high.  We 
did not have genetic samples from annectens*XDGH-
ORXSH0DULH*DODQWHRUkoopmani (Martinique), and 
representatives from both islands will be needed before 
a complete taxonomic revision of A. nichollsi can be 
made and to determine if there are other signatures of 
genetic isolation. 
Morphological variation in Ardops nichollsi.—
Earlier authors have attempted to describe the morpho-
logical variation within Ardops, resulting in a complex 
taxonomic history for Ardops nichollsi7KRPDV
0LOOHU$OOHQ+DOODQG
Kelson 1959; Jones and Schwartz 1967; Jones and 
*HQRZD\V 7KHVH VWXGLHVPDLQO\ IRFXVHGRQ
the size variation within Ardops and the distinctiveness 
RIPDOHVDQGIHPDOHVZLWKIHPDOHVEHLQJVLJQL¿FDQWO\
larger (Allen 1942; Hall and Kelson 1959; Jones and 
6FKZDUW]2XUGDWDFRQ¿UPFUDQLDOVL]HYDULD-
tion among populations of Ardops, as both males and 
IHPDOHVIURP'RPLQLFDDQG6W9LQFHQWDUHVPDOOHUWKDQ
LQGLYLGXDOVIURPWKHRWKHULVODQGV)LJ ,QWHUHVW-
ingly, specimens of A. nichollsi luciae from St. Lucia 
are more similar in morphology to specimens from 
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WKHQRUWKHUQ/HVVHU$QWLOOHV7KHUHIRUHDWD[RQRPLF
assessment of the genus based strictly on morphology 
ZRXOGUHVXOWLQFRQÀLFWLQJDVVHPEODJHVZLWKUHVSHFWWR
genetic lineages and island occurrence, and indicates 
that the morphological variation within Ardops is likely 
plastic and related to ecological and demographic fac-
tors.
Patterns of evolution in Ardops.—When con-
sidering the historical diversity of the short-faced bats 
(Stenoderma, Phyllops, and Ariteus LQ WKH*UHDWHU





common ancestor of Ardops nichollsiZDVRI*UHDWHU
$QWLOOHDQRULJLQ7KLVZRXOGVXJJHVWDVWHSSLQJVWRQH
colonization pattern of the Lesser Antilles in a general 
north to south direction by this ArdopsDQFHVWRU,IWKLV
hypothesis were accurate, then it would be expected that 
the southernmost populations (St. Lucia and St. Vin-





ern Lesser Antilles, where those populations may be 
UHODWLYHO\ROGHUEDVHGRQDSRWHQWLDO*UHDWHU$QWLOOHDQ
RULJLQ,QGHHGQRQHRIWKHQRUWKHUQ$QWLOOHDQLVODQG
populations is strictly monophyletic and the genetic 
data indicate these populations likely have undergone 
short periods of isolation followed by periods of disper-
VDODQGVXEVHTXHQWJHQHÀRZ)LJV±+RZHYHUWKH
congruencies in our molecular datasets provide strong 
evidence of a period of enhanced geographic isolation 
ZKHUHE\JHQHÀRZEHWZHHQWKHQRUWKHUQDQGVRXWKHUQ
Lesser Antillean islands was restricted, especially 
EHWZHHQ'RPLQLFDDQGERWK6W/XFLDDQG6W9LQFHQW
*HRJUDSKLFLVRODWLRQRI/HVVHU$QWLOOHDQEDWVGXULQJ
the Pleistocene epoch has been hypothesized to have 
contributed to other recent speciation events (Larsen 
et al. 2010, 2011).  
*LYHQ WKH JHQHWLF SDWWHUQV REVHUYHGZLWKLQ
Ardops, in combination with a Pleistocene origin of 
the genus (Rojas et al. 2011; Baker et al. 2012), we 
hypothesize that Pleistocene environmental conditions 
OLNHO\FRQWULEXWHGWRWKHSUHVHQFHDEVHQFHRIJHQHÀRZ
among island populations of Ardops  )RU H[DPSOH
at last glacial maximum, sea levels were likely ~130 
meters lower (Clark and Mix 2002; Clark et al. 2009) 
than contemporary levels and inter-island distances 
ZRXOGKDYHEHHQUHGXFHGLQPRVWFDVHV)LJ$7KH
northern Lesser Antillean islands sit on several large 
banks and ridges (Barbuda, Saba, St. Kitts, and St. 
0DUWLQEDQNV*HQRZD\VHWDODEPXFKRI
which would have been exposed during the last glacial 
PD[LPXP±\HDUVDJR&ODUNDQG0L[
&ODUNHWDO)LJ$ *HQHÀRZLQWKH
northern Lesser Antilles would have been facilitated 








tory traits of ArdopsDQGKRZWKHVHFRXOGEHUHÀHFWHG
LQRXUGDWD 6SHFL¿FDOO\Ardops is known to be an 
obligate tree rooster that typically travels relatively 
short distances when foraging (when compared to other 
Caribbean bat species such as Artibeus jamaicensis and 
Brachyphylla cavernarum; Jones and Schwartz 1967; 
-RQHVDQG*HQRZD\V2XUUHVHDUFKKDVVKRZQ
that Antillean tree bats may inhabit relatively small 
forest patches on each island, for example, Saba is 12 
square km, but Ardops occupies only about four square 
NP6W0DUWLQLVDERXWVTXDUHNPArdops occupies 
only about 1.5 square km; Antigua is about 279 square 
NPEXWRQO\DERXWVTXDUHNPRUDERXWRIWKH
island, is potential habitat for Ardops*HQRZD\VHWDO
D/LQGVD\HWDO7KXVÀXFWXDWLRQVLQDYDLO-
able forest habitat would impact the viability of Ardops 
SRSXODWLRQVRQHDFKUHVSHFWLYH$QWLOOHDQLVODQG7KH
life history traits of Ardops may contribute to slower 
recovery time once a population suffers an ecological 
disturbance, perhaps arising from hurricane activity, 
droughts, and volcanic eruptions (Pedersen et al. 2010). 
Additionally, smaller populations of Antillean tree 
bats could be subject to localized extinction events, 
with subsequent reinvasion from adjacent islands to 
PDLQWDLQYLDEOHSRSXODWLRQV7KHVHHYHQWVFRXOGDOVR
contribute to the morphological similarity and low level 
of genetic diversity observed among the northern Lesser 
Antillean islands, and separation from the southern 
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islands.  Similar patterns appear in the distribution of 




2002; Wilder and Hollocher 2003). 
)LQDOO\ZH KDYH QRW HQFRXQWHUHGArdops on 
low-lying islands with arid-adapted vegetation, i.e., 
$QJXLOODP*HQRZD\VHWDOF%DUEXGD
P3HGHUVHQHWDODQG6W%DUWVP/DUVHQ
et al. 2007a).  We do not expect Ardops to be found 
on these three islands, as they lack appropriate habitat 
for Antillean tree bats. Conversely, we have captured 
Ardops on islands with elevations of at least 250 m that 
typically include closed canopy evergreen seasonal 
forests (Beard 1949).
conclusions
,W LV RXU K\SRWKHVLV WKDW WKH SRSXODWLRQV RI
Ardops nichollsi evolved primarily on the islands 
RI WKH/HVVHU$QWLOOHDQ)DXQDO&RUH *HQRZD\V HW
DO 2Q WKHVH LVODQGV IURP*XDGHORXSH WR6W
Vincent, the populations have been differentiating at 
ERWKPROHFXODU DQGPRUSKRORJLF OHYHOV 7KLV OHYHO
of differentiation was not detected in populations on 
WKHLVODQGVWRWKHQRUWKRI*XDGHORXSH&ROOHFWLYHO\
RXUPRUSKRORJLFDODQGPROHFXODUGDWDKDYHLGHQWL¿HG
several interesting macroevolutionary patterns within 
A. nichollsi,QSDUWLFXODURXUJHQRPHVFDQGDWDPD\
provide evidence for the initial stages of speciation, 
with the northern Lesser Antillean populations being 
on a separate evolutionary trajectory with respect to 
southern Lesser Antillean populations.  Monophyly 
is not observed in all datasets and thus incomplete 
lineage sorting may account for some of the patterns 
REVHUYHG6LPLODUFRQÀLFWLQJSDWWHUQVLQPRUSKRORJLFDO
DQGJHQHWLFGDWDVHWVKDYHEHHQLGHQWL¿HGLQDQXPEHU
of bat genera, such as Artibeus (Marchan-Rivadeneira 
et al. 2012; Larsen et al. 2013), Eumops0F'RQRXJK
HWDO%DNHUHWDOPlatyrrhinus (Velazco 
DQG3DWWHUVRQDQGMyotis (Larsen et al. 2012). 
6XFKFRQÀLFWDPRQJPXOWLVRXUFHGDWDFDQEHDWWULEXWHG




genome sequencing are required to further explore 
the genetics underlying phenotypic plasticity and the 
speciation dynamics of Ardops. 
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aPPendix
6SHFLPHQVXVHGLQDOOPROHFXODUDQGPRUSKRORJLFDOLQGLFDWHGE\ƂƃDQDO\VHV6XEVSHFL¿FQDPHVIROORZRXUWD[R-
nomic review.  A. f. $ULWHXVÀDYHVFHQV; A. n. Ardops nichollsi.  An asterisk (*) indicates sequences from Carstens 
et al. (2004).





A. f. ÀDYHVFHQV Jamaica 778 45290 27695 KJ024702 ± A Ƃ
A. f. ÀDYHVFHQV Jamaica 778 45291 27696 KJ024703 KJ024752 A ƃ
A. f. ÀDYHVFHQV Jamaica 778 45293 27701 KJ024704 KJ024753 A ƃ
A. n. montserratensis St. Martin 778  129039 KJ024719 ± A Ƃ
A. n. montserratensis St. Martin 778  129062 KJ024720 ± A Ƃ
A. n. montserratensis Saba 778 101954 117541 KJ024712 ± A Ƃ
A. n. montserratensis St. Eustatius ± ± HapA $< ± ±
A. n. montserratensis St. Eustatius $01+ 3925 ± ± ± ± ƃ
A. n. montserratensis St. Eustatius 778 102002 117570 KJ024713 ± A Ƃ
A. n. montserratensis St. Eustatius 778 102003 117571 ± ± ± ƃ
A. n. montserratensis St. Eustatius 778  129126 KJ024722 ± A Ƃ
A. n. montserratensis St. Eustatius 778 101979 129127 KJ024723 KJ024759 A ƃ
A. n. montserratensis St. Eustatius 778  129110 KJ024721 ± A Ƃ
A. n. montserratensis St. Eustatius 778 110925 161562 KJ024743 KJ024761 A ƃ
A. n. montserratensis St. Eustatius 778 110926 161563 KJ024744 KJ024760 A ƃ
A. n. montserratensis St. Eustatius 778 110927 161564 KJ024745 KJ024764 A ƃ
A. n. montserratensis St. Eustatius 778  161565 KJ024746 ± A Ƃ
A. n. montserratensis St. Eustatius 778 110929 161566 KJ024747 ± A Ƃ
A. n. montserratensis St. Eustatius 778 110930 161567 .- ± A Ƃ
A. n. montserratensis St. Eustatius 778 110931 161575 KJ024749 ± A Ƃ
A. n. montserratensis St. Kitts ± ± HapB $< ± ± ±
A. n. montserratensis St. Kitts ± ± HapC $< ± ± ±
A. n. montserratensis St. Kitts ± ± +DS' $< ± ± ±
A. n. montserratensis St. Kitts ± ± HapE $< ± ± ±
A. n. montserratensis St. Kitts ± ± +DS) $< ± ± ±
A. n. montserratensis St. Kitts 8160 27576 ± ± ± ± Ƃ
A. n. montserratensis St. Kitts 8160 27579 ± ± ± ± ƃ
A. n. montserratensis St. Kitts 8160 27597 ± ± ± ± ƃ
A. n. montserratensis St. Kitts 8160 27599 ± ± ± ± Ƃ
A. n. montserratensis St. Kitts 8160 27600 ± ± ± ± Ƃ
A. n. montserratensis St. Kitts 778 115402 165227 KJ024751 ± A Ƃ
A. n. montserratensis St. Kitts 778 115403 165231 ± KJ024754 A ƃ
A. n. montserratensis St. Kitts 101+ 543072 ± ± ± ± ƃ
A. n. montserratensis 1HYLV ± ± +DS* $< ± ± ±
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A. n. montserratensis 1HYLV ± ± HapH $< ± ± ±
A. n. montserratensis 1HYLV ± ± +DS, $< ± ± ±
A. n. montserratensis 1HYLV 8160 27653 ± ± ± ± ƃ
A. n. montserratensis 1HYLV 8160 27654 ± ± ± ± Ƃ
A. n. montserratensis Montserrat %01+ 94.1.9.1 ± ± ± ± ƃ
A. n. montserratensis Montserrat 778 31345 15709 KJ024709 ± A Ƃ
A. n. montserratensis Montserrat 778 31353 15711 KJ024710 ± A Ƃ
A. n. montserratensis Montserrat 778 31354 15712 KJ024711 KJ024762 A ƃ
A. n. montserratensis Montserrat 778  129171 KJ024724 ± A Ƃ
A. n. montserratensis Montserrat 778 101901 129202 KJ024725 ± A Ƃ
A. n. montserratensis Montserrat 778 110924  KJ024750 KJ024763 A ƃ
A. n. montserratensis Montserrat ROM 71463 ± ± ± ± Ƃ
A. n. montserratensis Montserrat ROM 71467 ± ± ± ± Ƃ
A. n. montserratensis Antigua 778 109090  KJ024731 ± ± Ƃ
A. n. montserratensis Antigua 778 115400  ± ± ± ƃ
A. n. montserratensis Antigua 778 115401  ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778   ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778  904132 ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778  904134 ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778  904135 ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778   ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778   ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778   ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778   ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778  903996 ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778   ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± ƃ
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A. n. montserratensis *XDGHORXSH 778  ± ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 778  ± ± ± ± Ƃ
A. n. montserratensis *XDGHORXSH 8610  ± ± ± ± ƃ
A. n. montserratensis *XDGHORXSH 8610 113502 ± ± ± ± Ƃ
A. n. nichollsi 'RPLQLFD 778 9341 902299 ± ± ƃ
A. n. nichollsi 'RPLQLFD 778 31357 15602 .- KJ024755 A ƃ
A. n. nichollsi 'RPLQLFD 778  15600 ± ± ± Ƃ
A. n. nichollsi 'RPLQLFD 778 31359 15574 KJ024705 .- A ƃ
A. n. nichollsi 'RPLQLFD 778 31360 15576 KJ024707 KJ024756 A ƃ
A. n. nichollsi 'RPLQLFD 778 31361 15575 KJ024706 KJ024757 A ƃ
A. n. koopmani Martinique $01+ 213951 ± ± ± ± Ƃ
A. n. koopmani Martinique $01+ 213954 ± ± ± ± ƃ
A. n. luciae St. Lucia 778  151290 KJ024732 KJ024774 A ƃ
A. n. luciae St. Lucia 778  151291 KJ024733 KJ024767 A ƃ
A. n. luciae St. Lucia 778  151306 KJ024734 ± A Ƃ
A. n. luciae St. Lucia 778  151307 KJ024735 ± A Ƃ
A. n. luciae St. Lucia 778   KJ024736 ± A Ƃ
A. n. luciae St. Lucia 778  161340 .- KJ024769 A ƃ
A. n. luciae St. Lucia 778 109291 161343 KJ024739 KJ024770 A ƃ
A. n. luciae St. Lucia 778 109292  KJ024737 .- A ƃ
A. n. luciae St. Lucia 778 110932 161547 KJ024740 ± A Ƃ
A. n. luciae St. Lucia 778 110933  KJ024741 KJ024771 A ƃ
A. n. luciae St. Lucia 778 110934 161549 KJ024742 KJ024773 A ƃ
A. n. luciae St. Lucia 8610  ± ± ± ± Ƃ
A. n. luciae St. Lucia 8610 110921 ± ± ± ± Ƃ
A. n. vincentensis St. Vincent 778 105316  KJ024714 KJ024772 A ƃ
A. n. vincentensis St. Vincent 778 105319  KJ024715 ± A Ƃ
A. n. vincentensis St. Vincent 778 105367  KJ024717 ± A Ƃ
A. n. vincentensis St. Vincent 778 105479  .- KJ024765 A ƃ
A. n. vincentensis St. Vincent 778 105524  KJ024716 ± A Ƃ
A. n. vincentensis St. Vincent 778   KJ024726 KJ024766 A ƃ
A. n. vincentensis St. Vincent 778 105632 144593 KJ024727 ± A ƃ
A. n. vincentensis St. Vincent 778  144661 .- KJ024775 A ƃ
A. n. vincentensis St. Vincent 778 105760 144663 KJ024729 ± A Ƃ





Museum of Texas Tech University, Lubbock, TX  79409-3191
PuBlications of the MuseuM of texas tech university
7KLVSXEOLFDWLRQLVDYDLODEOHIUHHRIFKDUJHLQ3')IRUPDWIURPWKHZHEVLWHRIWKH1DWXUDO6FLHQFH5HVHDUFK/DER-
UDWRU\0XVHXPRI7H[DV7HFK8QLYHUVLW\QVUOWWXHGX7KHDXWKRUVDQGWKH0XVHXPRI7H[DV7HFK8QLYHUVLW\







Production Editor: Lisa Bradley
